We have previously mapped a form of congenital generalized lipodystrophy (also known as Berardinelli-Seip syndrome) to the CGL1 locus on chromosome 9q34 using genetic linkage analysis of 17 families 1 . We identified additional families with CGLaffected individuals (CG3700, 5700 and 7000; Fig. 1a ), who showed no mutations in BSCL2 (ref. 2) , located on chromosome 11q13. Linkage to CGL1 was confirmed in these pedigrees using 9q34 microsatellite markers as previously described 1 . Recombination mapping in pedigrees CG7000 and CG600 reduced the critical region to approximately 0.86 Mb between rs1747838 and DPP7 (see Table A online) . Sequencing of the exons and splice-site junctions of AGPAT2 located in this interval 3, 4 revealed homozygous or compound heterozygous mutations in CGL-affected individuals of 11 pedigrees showing linkage to 9q34 (see Table 1 and Web Fig. A online) .
Affected individuals from pedigree CG7000 were homozygous with respect to a deletion of exons 3 and 4 ( Fig. 1c) resulting in a frameshift mutation and premature termination codon. This mutation was confirmed in lymphoblastderived cDNA of individual CG7000.8. Affected individuals homozygous for an identical nonsense mutation (Arg63X) were identified in families from Turkey (CG5700) and Belgium (CG3700). A homozygous splice-site mutation resulting in a deletion of two amino acids starting at codon 221 was found in the affected individual from pedigree CG3500. Affected individuals from two African American families (CG400 and CG900) were homozygous with respect to a splice-site mutation (IVS4-2A→G) resulting in a frameshift and a premature termination codon (Gln196fsX228). This same splice-site mutation was identified in the heterozygous state in individuals from pedigrees CG3200, CG600 (African Caribbean families) and CG800 (African American family). Affected compound heterozygotes from these families were found to have a missense mutation, a frameshift mutation and a single-amino acid deletion, respectively. The affected AGPAT2 is mutated in congenital generalized lipodystrophy linked to chromosome 9q34 In liver, expression of both AGPAT1 and AGPAT2 was the same; in skeletal muscle, AGPAT1 was expressed 1.8-fold more than AGPAT2. Expression of AGPAT3, AGPAT4 and AGPAT5 was barely detectable. The results were normalized to the signal generated from G3PDH. Details of the methods are provided as Web Note A.
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individual in pedigree CG700 was a compound heterozygote having one missense and one frameshift mutation. The affected individual from pedigree CG3300 was found to be heterozygous for a missense mutation. We did not detect a coding or splice-site mutation on the other allele; however, we did find a mutation in the 3′ UTR, which we suggest has a deleterious effect on gene expression. Mutations segregated in all pedigrees in accordance with autosomal recessive inheritance. Sequencing of exons 2−5, which contained all of the mutations seen in individuals with CGL, of 50 unaffected subjects (25 each of European and African origin) revealed no mutations. All of the chromosomes carrying the IVS4-2A→G mutation in five families of African origin had the same haplotype for seven markers extending 33 kb, suggesting a common ancestral mutation (see Web Table B online) .
The AGPAT2 protein has 278 amino acids and belongs to the family of acyltransferases 5 and catalyzes an essential reaction in the biosynthetic pathway of glycerophospholipids and triacylglycerol in eukaryotes. To our knowledge, CGL is the first documented human disease caused by a mutation in this pathway. The first step of the pathway involves glycerol-3-phosphate acyltransferase (GPAT), which acylates glycerol-3-phosphate at the first carbon (sn-1 position) to form lysophosphatidic acid. AGPAT2 catalyzes acylation of lysophosphatidic acid at the second carbon (sn-2 position) to form phosphatidic acid. Dephosphorylation of phosphatidic acid occurs next, to form 1,2 diacylglycerol, which is acylated to form triacylglycerol using diacylglycerol acyltransferase (DGAT).
The AGPAT2 protein shows 48% identity with AGPAT1, and much less homology to three other related proteins AGPAT3, AGPAT4 and AGPAT5 (refs 5,7). All known AGPATs share two motifs: NHX 4 D, which is involved in catalytic function, and EGTR, which is involved in substrate binding and recognition. The mutations Arg68X, Gly106fsX188 and Leu126fsX146 affect either one or both motifs. The two splice-site mutations retain these motifs; however, IVS4-2A→G results in an aberrant and truncated protein and IVS5-2A→C causes the deletion of two amino acids and may disrupt secondary structure of the protein, as can the mutation 140delPhe. The three missense mutations, Leu228Pro, Ala239Val and Gly136Arg, result in nonconservative amino-acid changes at evolutionary conserved sites between the human and mouse proteins.
The AGPAT1 mRNA is ubiquitously expressed in human tissues, with the greatest amount of expression in skeletal muscle 6 . Expression of AGPAT2 is more tissue-restricted, occuring at high levels in liver and heart tissues but almost undetectable in brain 3, 4 . Amplification of all AGPAT mRNA in normal human omental adipose tissue revealed at least twofold higher expression of AGPAT2 than AGPAT1 (Fig. 1d) . AGPAT2 was expressed at lower level in liver and much less in skeletal muscle. Homologues of AGPAT2, AGPAT3, AGPAT4 and AGPAT5 were barely detectable (Fig. 1d) .
The AGPAT2 enzyme is likely to affect triacylglycerol synthesis in adipose tissue and may cause lipodystrophy by resulting in triglyceride-depleted adipocytes. It is also likely that reduced AGPAT2 activity could increase tissue levels of lysophosphatidic acid, which may affect adipocyte functions 8 . Lysophosphatidic acid is a ligand for G-protein coupled receptors and may have a role in preadipocyte proliferation and adipogenesis 8, 9 . Decreased AGPAT2 activity could also lead to reduced bioavailability of phosphatidic acid and phosphoglycerols (phosphatidylinositol, phosphatidylcholine and phosphatidylethanolamine), which are important in intracellular signaling and could affect adipocyte functions 10 .
The gene BSCL2 encodes a protein of unknown function 2 . Individuals with CGL who carry BSCL2 mutations seem to have mild mental retardation and cardiomyopathy 11, 12 , which are not seen in the individuals we studied who have AGPAT2 mutations. Based on the high expression of 
